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The influence of texture on forming properties of metals has widely been 
recognized [1·4]. Preferred orientation of the crystallites (grains) in 
polycrystalline aggregates results in anisotropy of the mechanical properties. 
The desired degree of, or absence of, anisotropy depends on the particular 
process of forming, and any subsequent manufacturing process requires certain 
material properties for satisfactory performance. For example, the type of 
texture desired in deep drawing is quite different from the one necessary for 
simple stamping or multiaxial bending. Thus, in-process texture monitoring is 
receiving increased interest, both from manufacturers and researchers [4,5]. 
In the past texture has often been illustrated using pole figures. 
However, a more complete quantitative texture representation can be made in 
terms of an orientation distribution functions [6]. Both forementioned 
methods are tedious and restricted to laboratory applications. Often for the 
selection of plastic anisotropy a complete texture description is not 
necessary. It is sometimes sufficient to monitor the change in selected 
texture components as a rapid means of texture assessment to predict plastic 
deformation response. 
An x-ray diffraction technique is described which allows the development 
of texture components to be monitored and provides supplementary information 
about the cold work nd residual stresses in material. Both the cold work and 
residual stress state can also influence the formability of polycrystalline 
material. 
ADVANCED X-RAY DIFFRACTION TECHNIQUE 
A fiber optic based x-ray diffraction (XRD) instrument [8] with a 
position-sensitive scintillation detector (PSSD) was used for the measurements 
described herein. X-ray diffraction in the high back reflection region was 
used for this investigation, i.e., between 60 and 80 degrees of Bragg angle. 
A miniature x-ray measuring head containing both x-ray tube and detectors 
assured easy maneuverability with respect to the specimen, which can be of 
arbitrary size and shape. Figure 1 shows the arrangement of single exposure 
technique of XRD stress measurement. The position, intensity and shape of two 
diffraction peaks for two angles can be registered simultaneously. Psi ( ) 
is the angle between normal to the crystallographic plane and normal to the 
specimen surface. Dedicated software allows the analysis of the following: 
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• Peak Intensity. Peak intensity for a selected crystallographic 
plane measured in the orientation space represented by the polar 
coordinates (Fig. 2) is proportional to the volume of crystallites 
suitably oriented for diffraction. 
• Peak Breadth. Full width at half maximum (FWHM) can be related to 
grain size and microstrains which are manifest by broadening of 
diffraction line (10]. 
• Peak Shift. The change in interplanar spacing due to elastic 
strain, caused by stress, can be calculated from the change in 
peak position (Bragg's equation) [11]. 
An example of XRD used for materials characterization is stress 
measurement. The feasibility of on-line XRD edge stress measurement on copper 
strip moving at 375ft/min was demonstrated recently (9]. 
In order to provide good peak intensity, and comparison with previously 
reported pole figures and ODF's for copper, [7, 12] the (222) crystallographic 
plane was selected as the diffraction plane. 
EXPERIMENTAL PROCEDURE 
Tailored Samples 
The samples were 0.01 x 6 x 12 inches in size. There were two sets with 
different grain size: 14 ~ and 19 ~m. Each set consisted of four samples, 
one sheet with "random texture" and 15%, 45%, and 75% cold rolled sheets. 
Measurement 
A full wave rectified x-ray power supply and an iron target x-ray tube 
was used with the PSSD system for measurement. The monochromatic iron K-alpha 
Fig. 1. 
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Single exposure technique. The angles 1/J 1 and 1/J 2 indicate the 
tilt angle of the normals of crystallographic planes 1 and 2 to 
the specimen surface. 
radiation penetrated the copper specimen sufficiently to provide measurement 
about 12 ~m deep which was comparable with grain size. For (222) 
crystallographic plane the diffraction angle was 28 - 146.4°. In order to 
eliminate the errors due to fluctuation of measured parameters all data was 
normalized against copper powder. Successive measurements were taken for four 
selected 1/J angles: 1/J - 0°, 44°, -22°, and 22°, in the range 0° to 90° for 4> 
angle as measured from rolling direction (Fig. 2). The measurements were 
taken at three points on each specimen. In order to prove the assumption that 
for thin copper sheets the surface texture and inside texture are the same, 
two specimens (15% and 75% cold rolled) were electropolished to half thickness 
and the measurement procedure was repeated. 
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Fig. 2. Definition of the reference directions 1/J and 4> 
EXPERIMENTAL RESULTS AND DISCUSSION 
Peak intensity as a Texture Indicator 
Plots of normalized peak intensity for two 1/J angles are presented in 
Figs. 3 and 4. Different character of curves for 1/J- 22 and 1/J - -22 indicates 
the lack of grain orientation symmetry across the transverse to the rolling 
direction. The texture in the rolling direction shows the predominance of 
"brass" and "S" type components whereas texture in reverse direction seems to 
consist of "copper type" component mainly. This fact is especially noticeable 
for higher reduction (75%). With increasing strain, the slope of intensity 
curve versus phi (¢ ) angle also increases. 
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Fig. 3. Normalized peak intensity for ~ -22° 
The texture asymmetry derives from the fact that specimens were passed 
through the rolls in the same direction in successive passes. The inside 
texture measured on half thickness electropolished samples is represented in 
Fig. 5. The character of curves is the same as for surface texture. 
Peak Breadth 
Plastic deformation of a metal causes the lattice planes to be distorted 
in such a way that the spacing of any particular plane varies from one grain 
to another, or even within a grain itself [11]. This is due to stress 
inhomogeneity within and between grains and subgrains. This nonuniform 
microstrain causes the broadening of diffraction lines. Some of the results 
of peak breadth measurement are shown in Fig. 6. 
There is no microstrain induced peak broadening in ~ = 22 and ~ = -22 
directions for any level of reduction. The higher values and scatter of 
normalized peak breadth in regions <t> > 60° for ~ = 22° stem from the fact that 
in these ranges peak intensity is very low and determination of peak breadth 
is difficult. The lack of microstrain in ~ = 22 and ~ = -22 can be 
explained in terms of deformation mechanisms in copper. In the cold reduction 
levels measured (0-75% reduction) all the deformation modes occur on (111) 
plane. Therefore, since this is a plane of easy slip, strain incompatibility 
on these planes is very unlikely and microstrains are not observed. 
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Fig. 5. Normalized peak intensity for electropolished samples. 
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Macros tress 
The single exposure technique for XRD stress measurement was used in 
order to measure the change in spacing between (222) crystallographic planes 
at various wangles. The results are presented in Fig. 7. There is a 
noticeable lack of strain symmetry across the transverse direction; the planes 
oriented towards rolling direction are subjected to tensile stresses and the 
planes in opposite direction are under compression. 
Ultrasonic Measurement 
Additionally, the measurements of velocity of Leaky Lamb acoustic waves 
were conducted on these same tailored copper sheet specimens. The angular 
variation of ultrasonic velocity was measured in the same ~angles and 
analyzed in terms of deformation mechanisms and ODF's. The results are 
presented elsewhere in this conference [14]. 
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Fig. 6. Normalized peak breadth (FWHM) for W = 22°. 
CONCLUSIONS 
X-ray diffraction patterns representative of the texture were obtained 
in time frames of less than one minute. Macrostrain, represented by changes 
in interplanar spacing and microstrain, characterized by peak breadth were 
assessed as a function of the angular position of (222) crystallographic 
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Fig. 7. Relative change in interplanar spacing for t/J = • 22° and tjJ - 22°. 
plane. Orientation and distribution of crystallites were characterized by 
peak intensity as measured in polar coordinates. The analysis of XRD data 
lead to the following conclusions: 
• The nondestructive x-ray diffraction intensity measurement 
correlates well with previously reported texture studies for cold-
rolled copper sheet. 
• X-ray diffraction measurements provide a means of monitoring 
texture from surface readings on thin cold-rolled copper sheet. 
• In agreement with theoretical predictions the x-ray diffraction 
readings showed no indication of microstrain on (111) type 
crystallograpq~c planes. 
• The XRD technique indicated a lack of symmetry across the 
transverse direction as predicted in literature and this lack of 
symmetry caused the expansion of the lattice for those planes 
oriented towards rolling direction and a compression for those 
planes in opposite direction. 
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